Cl with amino acids (AA) (AA= L-tyr, Lphe) in aqueous medium have been investigated by molar conductivities (Ʌ) at three different temperatures. Spectroscopic studies have been performed to investigate the association behavior between the ILs and the selected amino acids and the spontaneity of this process. The 1 H NMR spectroscopy has also been carried out to expose the change in electronic conditions of various protons of ILs in the presence of different amino acids. All the results have been interpreted on the light of possible molecular interactions operating in the ternary system and varies in the order of
Introduction
Ionic liquids (ILs) belong to the family of those organic compounds which are nano-structured molten salts at room temperature and having cationic organic part and anionic inorganic/organic part [1] . ILs has a spacious diversity of unique physical and chemical character such as nonflammability, negligible vapor pressure, ability of dissolving large variety of compounds, high electrical conductivity etc., [2] [3] [4] [5] [6] which makes them a source of interest in different fields of science, industries and process such as biology, separation of amino acids electrochemistry, synthesis etc., [7] [8] [9] . Additionally, they can also be considered as green and designer solvent/electrolytes because of their uniqueness [3, [10] [11] [12] [13] [14] . In recent years, ILs are also used to frame the thermophysical properties of aqueous solution containing amino acid(s) (AA) and ILs which provides important information about the intermolecular interactions in solution phase [15] [16] [17] [18] [19] [20] . Amino acids are used as model compounds as they are building block of proteins. Such interactions and thermodynamic properties studies helps to overcome the difficulties that arise in case of some biomolecules such as proteins due to their complexed structures and provides the information about the solute-solvent and solute-solute interactions that can be help to understand the effects of electrolytes on proteins [21] [22] [23] .
It is already known that 1, 3-disubstituted imidazolium ring based ILs are important enough and widely used in solution chemistry [24] [25] [26] [27] [28] . The main significance about the imidazole ring is its existence in various amino acids, proteins and nucleic acids that have many biological activities. Additionally, all protons of 1, 3-disubstituted imidazolium ring are shown acidic character due to delocalization of positive charge over the ring [29] .
This work is related to study the molar conductivities (Ʌ) at different temperatures [30] 
Experimental Methods

Chemicals
The details of chemicals used in this work are listed in Table 1 ; no further purification has been performed. Triply distilled and degassed water (specific conductivity < 1 μScm -1 ) is used for preparation all solutions. 
Apparatus
The mass of chemicals is measured by analytical balance METTLER TOLEDO-Model: AG-285 with an uncertainty ± 0.003 g. All the binary stock solutions are prepared carefully by mass dilution at 298.15 K (± 0.01 K).
The conductance has been carried out in systronic-308 conductivity meter (accuracy ±0.01) using a dip-type immersion conductivity cell, CD-10, having a cell-constant of ~ 0.1±0.001 cm -1 . Experiments are made in thermostatic jacket to maintain temperatures. The specific conductance where, c is the molar concentration of amino acids in the studied solution. UV-visible spectra were recorded by JASCO V-530 UV/VIS Spectrophotometer. All the absorption spectra were recorded at 25±0.1 °C. A photon Technology International (PTI), USA, fluorescence spectrophotometer (Quantamaster-40) was used to record fluorescence spectra. NMR spectra were recorded at 600 MHz Bruker AVANCE at 298.15 K in D2O. Signals are quoted as  values in ppm using residual protonated solvent signals as internal standard (D2O:  4.700 ppm). Data are reported as chemical shift.
Results and Discussion
Conductance Study
The conductance study of the interaction (solute-solvent) between the
with aqueous solution of L-tyr and L-phe amino acids has been performed at three different temperatures. The advantage of this study is that this measurement provides information about the interaction and transport phenomena of the (AA + ILs +water) ternary systems. [C8SO4]+ L-phe+ water) (system 3) and ([MOIM]Cl + L-phe + water) (system 4) respectively. For each system it has been observed that Ʌ values increase with increase in temperature and slow addition of AA to ILs solution causes a continuous decrease in molar conductance [32] [33] [34] [35] .
The decrease in molar conductance may be due to two factors-(i) involvement in non-covalent interactions of ILs with AA(s) [20, 33, 35] 
and (ii) [BMIM][C8SO4] and [MOIM]
Cl is an anionic and cationic surface-active ionic liquid (SAILs) respectively [36] . So, they have a positive tendency to form micelles after a certain concentration. Initially as there are no micelles, the free mobile ions of SAILs are accountable for the speedy decrease in Ʌ values with increasing amino acids content in solutions because of increasing system viscosity as well as the attractions between ILs and AAs with increasing AAs concentration. The strong intermolecular hydrophobic-hydrophobic attraction, and other non-covalent (hydrophilic, π•••π interactions, columbic attraction etc.) interactions must have been developed with amino acids [37] but after a certain point the ions contribution are less in transport change and leading to level off. As the [BMIM] [C8SO4] SAIL has to some extent more acidic protons and less hindered imidazolium ring protons [31] and long hydrophobic alkyl chain in counter ion part than the [MOIM]Cl, so the former IL must be involved in good interactions than [MOIM]Cl with the amino acids. Apart from these interactions, L-tyr has an extra hydroxyl (-OH) group at para position which helps to bind the ILs more firmly by H-bond than L-phe and involved in strong interactions with the ILs than L-phe. Thus, considering all of these the stability order of interactions follows the order of-(system 1)> (system 2)> (system 3)> (system 4). 
UV-Vis Spectroscopy
The UV-vis spectroscopy is a suitable method that not only helps to get the important information about interaction behavior in systems but also provide the binding nature of binding partners [38] . 
Steady State Fluorescence Study
The interactions phenomena of the imidazolium ILs with the amino acids have further been further investigated by fluorescence technique [40] . The imidazolium ring of the ILs is responsible for giving significant emission spectra in fluorescence. The emission peaks of both ILs are close enough to each other and appeared at ~λ flu max 420 nm [41] . This also implies the less contribution of alkyl chain of [BMIM] [C8SO4] and [MOIM]Cl imidazolium based ILs in emission spectra. By keeping constant concentration of ILs in aqueous solution and gradually addition of increase in concentration of amino acids causing the continuous enhancement of the fluorescence intensities of both ILs which indicate that molecular interactions/associations are obviously arising there (Fig. 5-6 ). 
Determination of Association Constant-Spontaneity and Features of Interactions
The association constant in this phenomenon i.e.
[BMIM][C8SO4] / [MOIM]Cl ILs interactions with L-tyr and L-phe have been calculated by
Benesi-Hildebrand Eq.(2) [38, 39, 42] using the absorption and emission spectral (fluorescence) data (Tables 4 and 5 ). This is very helpful method for quantitative estimation of extent of binding of two binding events. Further by using the value of Ka the free energy changes (ΔG) for the adduct formation of ILs and AAs have been calculated using the following the Eq. (3), (3) The values of ΔG for all adducts have been listed in Tables 4-7 and the negative values be a sign of the feasibility of the adducts formation by interactions. The values of Ka and ΔG make known that (system 1) have greater attraction possibility than the others. In theoretically background, the possibility of such an interaction on for an analogue system is reported earlier [31] . Thus, we can endorse that a stronger H-bond and π••• π stacking interactions are developed in case of L-tyr than L-phe from S2 side (Scheme 1) that can enhance the stability and can also be attributed for such order of interactions. Further the weak columbic force of attraction between the positively charged ring cation and the negatively charged AA plays a role in bringing them close to each other. 
ΔG= -RT lnK
NMR Study
Nuclear magnetic resonance (NMR) is a very effectual technique for studying the changes the electronic environment around the different protons of ILs in presence of various kinds of amino acids [41] . (Table 8 ). It is found that significant upfield shifts for alkyl protons of the imidazolium ring have been occurred after mixing of amino acids. This indicates the presence of intermolecular hydrophobic-hydrophobic interactions that leading to increase the electron density around the imidazolium ring. It can be seen from chemical shifts that in both ILs the alkyl chain protons attached to imidazolium ring are in good intermolecular interactions with amino acids but comparing the protons of imidazolium ring, downfield shift for C2 proton and upfield shifts for other imidazolium ring protons (C3, C4) has been observed (Figs. 9 and 10 ). It most probably suggests the orientation for imidazolium ring that allows strong H-bond formation with C2 proton and weak π•••π interactions involving C3, C4 and benzene ring of AA(s). Thus, two opposing influences i.e. H-bond and π•••π interactions are possibly responsible for distinct shifts for ring protons [43] . The downfield shift for C2 proton of 
Conclusion
The solute-solvent interaction behavior of studied ionic liquid and amino acids in aqueous solution have been determined by conductance measurements at three different temperatures and spectroscopic studies. The ILs and amino acids systems in aqueous solution indicate the noncovalent interactions among them and causing an increase of hydrodynamic radii of ions and a decrease of their ionic mobility, hence we have got the result a decrease in molar conductance. It has been concluded from the association constant values of the selected ILs with AAs obtained by using Uv-vis and fluorescence measurements that among the two ILs, 1-butyl-3-methylimidazolium octylsulphate [BMIM] [C8SO4] interact more firmly with L-tyrosine than L-phenylalanine and in each system both IL and AA have been promoted to each due to non-covalent such as strong hydrophobic-hydrophobic, weak π•••π, columbic force of attraction, H-bond interactions etc. amongst themselves. The significant chemical shifts of ILs protons in presence of amino acids in 1 HNMR studies also support the results obtained from other spectroscopic and conductance measurements.
